Cortical projection of the inferior choroidal point as a reliable landmark to place the corticectomy and reach the temporal horn through a middle temporal gyrus approach Projeção cortical do ponto coroideo inferior como uma referência anatômica confiável para a realização da corticectomia e abordagem do corno temporal através do giro temporal médio. 
Epilepsy affects nearly 1% of the world's population 1, 2 . One third of the adults with this condition are resistant to medical treatment and in this group, temporal lobe epilepsy due to mesial temporal sclerosis, represents the largest single etiology.
The surgical treatment for mesial temporal lobe epilepsy due to mesial temporal sclerosis has provided excellent seizure control 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 . According to Yasargil et. al, patients with temporal lobe epilepsy (MTLE) presenting with localized abnormalities on investigative studies (EEG, MRI, PET), should not be subjected to lengthy experimental drug therapies, but be offered selective amygdalohyppocampectomy, a pure lesionectomy, while avoiding injury to unaffected temporal lobe 14 . Although different techniques have been described for this procedure, selective amigdalohippocampectomy (AH) has been widely accepted due to its excellent results and sparing of normal brain tissue with low post-operative morbidity.
In this article, after a short review of some of the important anatomical aspects regarding selective AH, a simple and helpful method to locate and safely reach the temporal horn of the lateral ventricle, using preoperative measurements, is detailed.
SURGICAL ANATOMY
At the lateral surface the superior limit of the temporal lobe is the sylvian fissure, the posterior limit is a line connecting the parieto occipital sulcus and the pre occipital notch. The lateral surface is divided in three gyri (superior, middle and inferior) separated by two sulci (superior and inferior temporal), both sulci and gyri are oriented parallel to the sylvian fissure 15 . The border between the middle and inferior temporal gyri are often not well defined because the inferior temporal sulcus is frequently interrupted by gyral bridges. In the basal surface there are three important sulci to be known. The rhinal, occipito temporal and the collateral sulcus. The occipito temporal sulcus is located between the inferior temporal gyrus and the fusiform gyrus and the collateral sulcus between the fusiform and the parahippocampal gyrus. Both have an anterior posterior orientation. The collateral sulcus bulges into the ventricular cavity forming the collateral eminence lateral to the body of hippocampus, being a helpful anatomical landmark for microsurgical guidance. The collateral eminence is the lateral limit of selective AH. The rhinal sulcus is the anterior continuation of the collateral sulcus, bulging into the ventricular cavity lateral to the head of the hippocampus.
The inferior choroidal point (ICP) is located immediately behind the head of the hippocampus at the lower end of the choroidal fissure, it is the site of entrance of the anterior choroidal artery and the site of exit of the inferior ventricular vein into the temporal horn. Posterior to it, the medial temporal surface is formed by three longitudinal strips of neural tissue, one located above the other 16 . The inferior strip is the parahippocampal gyrus, followed by the dentate gyrus and superiorly by the fimbria fornix.
The parahippocampal gyrus extends forward to form the inferior half of the posterior part of the uncus, the head of hippocampus forms the superior half while the amygdala forms the anterior half. The uncus is divided in three segments: anterior and posterior which blend together in a medially projecting apex. The amygdala blends superomedially, along the lateral edge of the optic tract, into the globus pallidus without a clear demarcation. The apex of the uncus extends medially above the tentorial incisura and is positioned lateral to the oculo motor nerve and medial to the uncal recess which extends medially between the amygdala and the head of the hippocampus.
The temporal horn is covered superolaterally by a thin layer of callosal tapetal fibers which course outside the ependymal walls and separates the optic radiations from the temporal horn.
The optic radiations arise from the lateral geniculate body in three bundles. The anterior bundle curves anterolaterally above the temporal horn (Meyer's loop) usually reaching beyond the anterior limit of the temporal horn and then loops backward along the lateral wall. This bundle is transected horizontally during trans middle temporal gyrus approaches
IMPORTANCE OF THE ICP
The ICP is an important landmark in mesial temporal surgery. It is located at the posterior edge of the uncus at the junction of the crural and ambient cistern and at the lower end of the choroidal fissure along which the choroidal plexus is attached. It is the site of entrance of the anterior choroidal artery into the temporal horn (where the plexal segment of the artery begins), and also the point of exit of the superior ventricular vein. Also the transition between the crural and the ambien cisterns is located at this level.
The ICP is located at about the middle length of the anteroposterior resection for selective AH. The posterior edge of the resection usually extends approximately 1 cm behind the inferior choroidal point, which corresponds to the approximate level of the lateral geniculate body and lateral mesencephalic sulcus.
METHOD
Forty formalin fixed hemispheres were examined, using x3 to x40 magnification.
A lumbar puncuture needle introduced at the ICP, passed from medial to lateral, in a straight line following an axial plane, though the cortical surface. The ICP was defined as the the lower end of the choroidal fissure.
The distance from the ICP to its cortical projection was measured. The next measurements were from the cortical ICP to the temporal pole, lower edge of the sylvian fissure and infero lateral margin of the temporal lobe.
These same measurements were made in preoperative MRIs of 300 patients submitted to selective AH through middle temporal gyrus approach. The cortical ICP was used to establish the center of the corticectomy. A 2.5 cm cortical incision was made centered over the cortical ICP in order to reach the ventricle with a satisfactory exposition of the mesial temporal structures to be resected.
All the surgeries were performed by one of the authors at the Hospital Sao Lucas, Epilepsy Surgery Program at the Pontiff Catholic University of Rio Grande do Sul, Porto Alegre, Brazil. Cadaveric dissections were performed at the Microneuroanatomy laboratory of the University of Florida.
RESULTS
In the laboratory studies, the cortical ICP was located in average 2,26 cm (range, 1,97 -2,61) from the sylvian fissure,
The distance from the ICP to the cortical surface averaged of 4,33 cm (range, 3,93 -4,57). It was found to be most likely located over the middle temporal gyrus, slightly above the inferior temporal sulcus (Table) .
Immediately before the surgery, the authors establish the cortical projection of the ICP on the patient's MRI. The previously described measurements are then performed establishing its distance to the sylvian fissure, temporal pole and lower margin of the lateral surface of the temporal lobe.
After performing a temporal craniotomy and opening the dura, the surgeon applies the preoperative measurements and establishes the cortical projection of the inferior choroidal point over the temporal surface. An horizontally oriented 2.5 cm corticectomy centered on this point is performed. Dissection then is directed medially, within the white matter, towards the temporal horn.
These measurements were helpful in defining the site for the corticectomy having the inferior choroidal point on its center. It provided a good surgical exposure of the mesial temporal structures with satisfactory centralized visualization of the surgical field, requiring small brain retraction and displacement.
Even though it is necessary to incise through the anterior bundle of the optic radiations, no patient had any postoperative visual complaints. The incision was longitudinal to the fibers, therefore causing less damage than a perpendicular incision. The visual deficits were either absent or subclinical. The next step would be to perform an accurate visual field test in these patients.
Regarding seizure control, a long term follow up confirms the excellent results of this technique 3, 6 .
DISCUSSION
Reliably accessing the temporal horn is an important step in mesial temporal lobe surgery. Errors in finding the temporal horn, can lead to unnecessary resection of healthy tissue, damage to eloquent structures and misunderstanding of the normal brain anatomy. Different techniques have been described with the objective of making the access to the temporal horn simple 10, 12, 13, 14, 15, 16, 17, 18, 19, 20 . Wen et al, described a technique where the surgeon must dissect within the white matter until one reaches the gray matter of the collateral sulcus and then turns the dissection upward.
Olivier et al, use the central or precentral sulcus as the posterior limit of the corticectomy.
Wheatley et al, using navigation system, define a line extending from the middle temporal gyrus to the lateral mesencephalic sulcus and perform the corticectomy anterior to this line.
Spencer et al, also use navigation system to define the position of the temporal horn and perform the corticectomy over the middle temporal gyrus in an area free of vessels.
When using this simple but effective technique, the surgeon must be careful in positioning the patient's head. The ideal position is achieved applying more rotation to the contralateral side and more extension of the neck than in a regular pterional craniotomy. By performing these maneuvers, the lateral temporal lobe surface will be positioned almost parallel to the floor and the mesial temporal region will present itself more lateral, facilitating the entry into the temporal horn 21 .
It is important to check if the lateral surface of the temporal lobe is parallel to the floor so that the dissection trough the white matter is perpendicular to the surface. If possible, we usually extend the neck a few degrees more in order to have the lateral surface of the temporal horn as the highest point at the surgical field. If this extra extension is possible, then the surgeon must remember to slightly incline the dissection path through the white matter caudally.
Dissection pathway after passing through the gray matter of the middle temporal gyrus must be conducted straight medially within the white matter of the temporal lobe. Usually no more than 3cm of resection is necessary to reach the ventricle 22 . If using this technique, one does not enter the temporal horn upon reaching expected depth, it is likely that the dissection was directed too far superiorly or inferiorly. Using the cortical projection of the inferior choroidal point makes it unlikely that the opening happens too far anterior. The temporal horn tip is located approximately 3 cm behind the temporal pole and our cortical incision is centered at the ICP which is located 1 cm behind the tip in average.
As described in the surgical anatomy, there is no clear demarcation between the temporal lobe and the basal ganglia. If the dissection was carried too superiorly there is a great risk of damaging the optic tract, temporal stem, the lentiform nucleus and the internal capsule. In order to avoid this mistake one must be sure that the angle of the dissection is along the junction of the axial and coronal planes passing through the cortical ICP. An incision placed too low, or a caudal deviation of the dissection will probably reach the gray matter overlying the temporo basal sulci (collateral or rhinal). To correct this deviation, the surgeon must carry the dissection upward, back within the white matter in order to reach and enter the ventricle.
The goal of using this landmark is to avoid misleading when reaching the temporal horn in epilepsy surgery. Thus, providing a clean surgical field, preservation of the normal brain anatomy and allowing the resection of what is strictly necessary to reach the ventricle, a small amount of normal tissue.
Neuronavigation devices can be very helpful in locating the temporal horn when available. However it is associated with a registration error great enough to miss the ventricle.
The technique described in this article is useful to reach the temporal horn when there is no displacement of the latter or adjacent structures, as in hippocampal atrophy for example.
Despite all the technology available, the precise three dimensional knowledge of the temporal lobe anatomy is the best resource to achieve accuracy in mesial temporal resections.
This study identified the cortical projection of the inferior choroidal point as an excellent guide to reach the temporal horn in a safe and non traumatic way 3, 6, 20 . It allows the surgeon to limit the corticectomy while maximizing exposure of the amygdala and hippocampus.
These preoperative measurements should be done individually, taking into consideration the anatomic variations of each patient, in order to define the cortical ICP and the site of the corticectomy.
